This article delimits local labor markets (LLMs) in order to analyze the structure and internal organization of Spanish metropolitan areas. LLMs are defined as self-contained and cohesive areas in terms of commuting flows. Unlike the conventional approach to polycentrism based on the analysis of commuting flows that begins with the identification of subcenters, this analytical strategy does not assume that a specific structure exists, and is compatible with the relationship between places of work and residence having other location and spatial organization patterns. The analysis is carried out on three different scales of detail linked to three self-containment levels for the LLMs delimited and three population groups (total, males and females). The results show that metropolitan areas are complex, fuzzy, multidimensional spaces, where the conditions of spatial organization are manifested in different ways depending on the parameters and variables used.
Introduction
The basic nature of contemporary urban form and function is metropolitan, and the major issue of understanding the metropolis' morphology and structure has been on the research agendas of many social sciences (geography, economics, sociology, etc.) for almost identifies: metropolitan areas and LLMs. In such literature, metropolitan areas are understood as complex systems of which LLMs are a fundamental part that defines their internal organization. Apart from this new strategy, the study makes a contribution on two fronts. On the one hand, on the methodological level it is not restricted to only one parameter of the commuting variable, but explores the alternative configurations that can be identified depending on changes in the self-containment thresholds and differences according to gender.
On the other hand, unlike a large number of prior studies on the topic, the analysis is not limited to single cases, but is of all the metropolitan areas of an entire country, Spain.
From the methodological point of view, the focus proposed for analyzing the structure of metropolitan areas is a regionalization procedure which assigns each of the basic units that comprise the metropolitan area (in this case, municipalities) to one or other of the LLMs.
Thus, the starting point is, in principle, Boolean logic focused on membership to a certain region or not. However, although this type of categorization -regionalization-is extremely useful for classifying and planning space, it is much less so for understanding the way it functions and how it is organized, as most spatial processes are not subject to Boolean logic (Gale and Atkinson, 1979) . This is the case of the variable which is specifically focused on here, commuting, which refers to a state of flows and indeterminacy based on whether each territorial unit is related to a given region to a specific degree (as stated in Shearmur and Motte, 2009 , for example). One possible approach for this modeling of spatial organization is the theory of fuzzy sets (Zadeh, 1965) , in which the make-up rules (inclusion, union, intersection, complement, relation) offer a series of alternative criteria for approaching the regionalization issue (Plane, 1998; Feng, 2008; Heikkila and Wang, 2010; Feria et al., 2011) .
We propose an alternative modeling procedure through the consideration of three different scales of analysis, each of which is related to a specific value of the degree of selfcontainment that characterizes the LLMs that are defined. A municipality's or a census tract's membership of a region is therefore no longer governed by the Boolean 0-1 rule, but it is defined by a range of degrees of membership to different regions connected to the different scales and parameters of analysis adopted. This analytical strategy also enables the observable structures to be considered separately when the working population is no longer regarded as a homogenous whole and attributes are considered that enable it to be segmented into two or more groups (defined according to sector of activity, occupational group, or age or gender group, for example).
The paper is organized as follows: the following section reviews some of the characteristics and differences between metropolitan areas and LLMs as functional regionalizations. Next the data and methods used are justified and described. The fourth section presents and discusses the results, and in particular how Spanish metropolitan areas are articulated into LLMs on the three territorial scales analyzed, both for the overall population and for the segmentation of this group with regard to one of the possible dimensions already mentioned, the gender of the employed. As is the norm, the last section summarizes the main conclusions drawn.
Background
The need to address the spatial limitation of the new urban-territorial realities arises from the unsuitability of the traditional administrative-based units to cope adequately with the current scale at which social and economic processes work. Two of the "families" of functional areas that have developed in this respect are: firstly, one whose greatest exponent is the definition of metropolitan areas, which focuses on delimiting and analyzing the new scale of the urban environment. In short, it consists of the identification of areas which are articulated around simple or combined centers and the territorial units that comprise their respective areas of interdependence (Berry et al., 1970; OMB, 1998) . The second type of functional area corresponds to LLMs, areas where labor supply and demand interact on the local scale, and which can therefore be defined for the whole of the country rather than only for exclusively urban zones (Casado-Díaz and Coombes, 2011) .
The definition of the metropolitan area, when understood as its geographic delineation according to the nature of the urban processes that it includes, was not originally a merely academic or theoretical question, but the result of legislative or purely practical aspects, such as the collection, treatment and dissemination of statistical information. The reasons that justify the foregoing are none other than the result of the recognition of metropolitan areas as the fullest expression of the urban phenomenon in contemporary societies. The city that we know today is a city that is in no way similar, in either its scale or configuration, to the city that historically characterized traditional societies. Thus it is the metropolitan processes where the new condition of "the urban" and the real scale and organization of the true contemporary city are evident in the clearest and most widespread form. The most basic meaning of metropolitan area is no more than a polynucleated urban area (Erikson, 1986; Batty, 2001 ) that forms a unitary residential and labor market that simultaneously reflects both the increased scale of living space (Courgeau, 1988) and the economic agents' different spatial strategies (Scott, 2008) . This results in relatively complex processes and spatial structures that depend on both the unique characteristics of each urban reality -territorial, historical, etc.-and the intensity and range of these processes. However, the result in any case is the general emergence of a new urban form that clearly differs from the historical compact city.
An effort has been made in many countries, and over several decades in some, to delimit this new urban scale with greater accuracy, and on that basis gather, present and subsequently analyze and evaluate its dimension and the way it works. There are many possible criteria and variables that can be used to approach this, from the simplest of demographic size or of an administrative nature, to others that are much more complex and based on functional relationships, not forgetting those that include morphology -or densityrelated elements. Logically, this is not the place to present such a wide range of approaches (Champion, 2001b; OECD, 2012) , but there is a degree of agreement in the literature that the most identifiable, coherent and powerful of these lines of work on this issue is that which uses commuting as the key variable to define metropolitan areas (Horner, 2004) . Since it was first used in the United States in the 1950 Census to define Standard Metropolitan Areas, commuting has come to be in the present day the fundamental benchmark for processes to define these new urban spatial realities (OMB, 1998) . The use of commuting has subsequently spread, with specific variants, to a large number of widely different countries, in geographical and socio-economic terms. These are the cases of, for example, France (Julien, 2000) , Italy (Martinotti, 1991) , Canada (Murphy, 2003) In Spain, there is no official or institutional delimitation for this urban universe (metropolitan areas) of either a political and administrative nature, or for purely statistical purposes. However, in recent years a number of articles have appeared in the academic sphere that put forward specific proposals: Feria (2008 and and Roca et al. (2012) . In these articles, metropolitan areas are delimited on the basis of the commuting variable and their findings differ, basically, because of the different values given to the parameters used in the various procedures. It should nevertheless be highlighted that a great deal of convergence can be seen between the findings in more recent studies (Feria, 2010; Roca et al., 2012) , and between them and those for Spain in broader studies, such as the previously-mentioned OECD study (OECD, 2012) .
For its part, delimiting LLMs is a very frequent exercise in many countries, especially in Europe, both in the academic sphere and, most notably, in public administrations (OECD, 2002) . There is a generalized agreement about the theoretical concept of LLMs: the delimitation of the territorial area in which suppliers and demanders of work meet on the local scale. However in practice there are so many specific proposals for making the concept operational that in the field of public administrations, for example, there is no method that has been officially adopted by more than one country. All the methods share several characteristics: the geography of the resulting LLMs covers the territory comprehensively, there is no overlapping (all the basic territorial units belong to one, and only one, LLM) and they are based on the commuting variable. The objective of all these methods, recognized explicitly in some cases and tacitly in others, is to identify areas (groups of municipalities, counties or other base units) that are highly self-contained in terms of commuting (what Goodman, 1970, called external perfection) and that, at the same time, are made up of base units between which high levels of interaction are produced in terms of this same variable (internal cohesion). A critical review of the various methodologies available in international practice in this field, including the scarce references to the Spanish case, can be found in Casado-Díaz and Coombes (2004 ) and Casado-Izquierdo and Propin-Frejomil (2008 .
The logic behind the two groups of functional areas reviewed, metropolitan areas and LLMs, is different. Whilst the former are based on systematizing dependency relationships and the existence of hierarchies in urban environments where the population and economic activities are relatively highly concentrated, more important in the second is the systematization of relationships between equals based on methods that, broadly speaking, do not involve the identification of centers and hinterlands, but rather the analysis of the relationships that exist among all the units under consideration, at least as far as the longest standing methods are concerned. The differences in the approach (top down vs. bottom up) and the degree of coverage of the territory being considered (only the most densely populated in the first case and the whole of the territory in the second) are two of the elements that clearly distinguish between the two groups of methods (Casado-Díaz and Coombes, 2004) .
However, from a deeper point of view there are much greater differences than this.
Metropolitan areas are multifaceted in nature (areas encompassing complex territories where material and infrastructure development, residential spaces, centers of activity, etc. are articulated with a wide array of intense flows of people, goods, services and information).
LLMs, however, are specifically designed for the study of labor phenomena in local areas, as they are based on the definition of boundaries that seek to faithfully reflect how the labor market is articulated in territorial terms (the relationships between those who offer employment and those who seek it, and their effect on the way that wages and other labor conditions are set, amongst other issues). Labor-related phenomena are only one of the aspects that are encompassed in the concept of the metropolitan area. Nevertheless, given the significance and versatility of metropolitan areas, in countries where the two conceptsmetropolitan areas and LLMs-are defined, the two are often understood as equivalents in the most urbanized regions. This is the case in the U.S., for example, where the geography of the LLMs is composed of the metropolitan (and micropolitan) areas and an additional procedure is used as an alternative in the most rural (or less intensely urban) regions in order to comprehensively cover all U.S. territory (U.S. Department of Labor, 2013).
Data and method
The analysis is conducted of the metropolitan universe as defined by Feria (2008) ( Figure 1 ) in an adaptation of the procedure developed in the US by the Office of Management and Budget for the United States census (OMB, 2000) to the case of Spain. This is a standard procedure adapted to international practices and its formalization is set out in the algorithm in the appendix. The data used in the analysis are taken from the 2001 Population Census and are the latest data available for Spain. They were sourced from the Spanish National Statistics Institute (Instituto Nacional de Estadística; INE). This is a group of origindestination matrices that show the flow of workers that journey from one municipality in Spain to another on a daily basis to carry out their work tasks 1 . Three of these matrices are used in this paper: one for total employed population and two more that split said population by worker gender.
[ Figure 1 about here]
From the practical point of view, the proposed method is based on analyzing the degree to which the metropolitan areas considered behave as unitary labor markets. The analysis involves two tasks: firstly, verifying the level of self-containment of each of the areas compared to the rest of the territory (external perfection); and secondly, analyzing their internal cohesion. For their internal cohesion to be studied, any separate LLMs that might exist within the metropolitan areas are delimited, if possible. This enables the degree to which each metropolitan area behaves as an integrated whole to be analyzed: in short, the extent to which the base territorial units, the municipalities, are sufficiently interlinked to be considered integral parts of a single metropolitan LLM or are articulated into a variety of submarkets that are, in turn, externally perfect and internally cohesive.
With regard to the first task, self-containment, this is in reality a twofold condition, since it must be achieved both in terms of the so-called (Coombes et al., 1986 ) supply side self-containment (the percentage of residents in the municipality/market who are in employment within its boundaries) and also demand side self-containment (the percentage of workplaces that exist in the municipality/market that are occupied by workers who reside within it).
Regarding the second aspect, the identification of LLMs within metropolitan areas, the most recently developed method to delimit the so-called Travel to Work Areas (TTWAs) in the United Kingdom (Coombes, 2010) has been chosen here to identify the LLMs into which the different metropolitan areas are articulated. One of the most relevant features of the TTWA procedure (and one of the main differences from many of the alternative methods available) is the fact that the initial groupings of municipalities are reconsidered during the process following a strategy designed to ensure that the regionalization procedure is not constrained by the initial decisions, which thus helps results to be reached that are closer to the optimum. Despite relevant advances having been made in this area in recent years using other sophisticated techniques (see, for example, Martinez-Bernabeu et al., 2012), the decision was taken to use this procedure for several reasons. Firstly, identifying the TTWAs in the United Kingdom has undoubtedly been the most relevant exercise of this type from the perspective of public policies and has been successfully replicated in numerous countries, thus confirming its transferability. This procedure is based on an analysis of the functional relationships between areas and complies with the rest of the requisites suggested by Eurostat (1992) . Finally, and very importantly for the purpose of this analysis, the method has been substantially simplified with respect to earlier versions. This has enabled arbitrary decisionmaking regarding the parameters used in earlier versions to be eliminated, turning it into one of the easiest to understand.
The TTWA method (which is formally described in the appendix) consists of two steps that are repeated until all the municipalities under consideration are grouped into LLMs that meet the requisites for commuting self-containment (no minimum size restriction was considered for the LLMs that were identified). Given that the purpose of this paper is to analyze the internal structure of Spanish metropolitan areas regarding how they are configured into LLMs, the decision was taken to adopt three different scales of study and therefore three alternative thresholds were set for minimum self-containment. These thresholds include a minimum requirement level (50%), which is undoubtedly low for any unit of analysis to be considered functionally independent, and also two values with a certain tradition in the literature on this topic: 66.7% (the minimum required in the last revision of the British TTWAs) and 75%, which was considered by Smart (1974) as a compromise level, an intermediate point between the minimum requirement and the maximum possible. It should be borne in mind that the higher the minimum self-containment requisite demanded, the lower the number of LLMs identified.
The analysis of the internal configuration of metropolitan areas into LLMs is completed in the article by adding another dimension: the separate consideration of males and females. The intention is for this to be simply an example, an empirical exploration of how segmenting the whole of the working population allows further levels of complexity to become obvious, since the scope of the paper is not a gender analysis of the problem. Other alternative segmentations for this same exemplification could have included: education, age or sector of activity, for example. The combination of three minimum self-containment thresholds and three population groups gives a total of nine metropolitan labor submarket delimitations in all, and these are presented in the following section under the heading of internal cohesion.
Basically two precedents to the method used in this paper can be cited as having some connection: the analyses of the Spanish case conducted by Roca et al. (2012) and that of the Mexico Valley Metropolitan Area by Casado-Izquierdo (2012), although substantially different formal procedures were used in both cases. The analysis conducted by Roca et al. (2012) was based on the calculation of the indicator used in Coombes et al. (1986) to assign a weight to the intensity of the link between pairs of areas or regions in terms of commuting.
According to the indicator, municipalities are merged to form so-called proto systems, urban systems, metropolitan areas and metropolitan regions; it is, therefore, a strategy which is almost the opposite of the one followed here. It also needs to be highlighted that the Valley Metropolitan Area by identifying LLMs defined using the method used for delimiting TTWAs in the 1980s and 1990s (Coombes et al., 1986) . This procedure has the disadvantage of including an additional 13 parameters compared to the procedure used in this article, where only the scale of analysis has to be set; i.e., the self-containment threshold required for each of the LLMs to be considered as such. The existence of a great number of parameters makes the whole operation complex, as a small variation in any of these can result in great differences in the structures of the LLMs that are identified, thus making any conclusions drawn very tentative. Also, as the study only refers to a single large metropolitan region, the findings cannot be easily extrapolated to larger areas with a greater variety of realities.
Results and Discussion

External Perfection
Figures 2 and 3 give initial results as to the way that Spanish metropolitan municipalities are configured in terms of commuting. The indicator on the municipal level in Figure 2 is the proportion of employed people who work in the municipality of residence (what was previously referred to as supply side self-containment). This is, therefore, an indicator that is independent of the specific chosen configuration of metropolitan areas. The variable in Figure 3 , however, does depend on the metropolitan boundaries considered, as for each municipality it is calculated as the proportion of employed residents that work within the metropolitan area of which the municipality forms part.
[ Figure 2 about here]
[ Figure 3 about here] [ Table 1 about here] Table 1 gives a more detailed breakdown of the results in Figure 3 . It shows that the metropolitan areas delimited by Feria (2008) have high levels of self-containment in terms of commuter flows compared to external areas (the median is almost 94% for the total population and approximately one percentage point less and one percentage point more, respectively, when males and females are considered separately). They therefore meet one of the conditions for being considered as LLMs: external perfection. Linked to the above, there is a great functional balance in terms of the ratio between jobs and people employed in each of the areas. As will be remembered, the other condition set by Goodman (1970) referred to a high degree of internal cohesion, or in other words the existence of intense functional links between the units that comprise a potential LLM. This condition implies that the area as a whole can be considered a cohesive market in which multiple demanders and suppliers of employment are interrelated; this is, therefore, an area in which it is possible to change one's place of residence without having to change one's job, and vice versa.
Internal Cohesion
The main objective of the analysis is to identify the LLMs that exist inside the metropolitan areas on the three analytical scales adopted, while also adding another dimension to the analysis: the consideration of males and females separately. [ Table 2 about here]
Leaving aside this logical statement, the results are more informative when the structural pattern drawn by these LLMs is scrutinized for each of the delimitations. When the self-containment requirements are high (75%), what appears is a very high level of fit with the exact delimitations of the metropolitan areas (Figure 4) . To be precise, four-fifths of the metropolitan areas cannot be divided into separate LLMs, as either the market that exists fully coincides with the metropolitan area, or in a few cases what can be seen is a dozen or so micromarkets formed of only one or two municipalities and that emerge solely due to their weak metropolitan links. The exceptions to this rule are either metropolitan areas that have been identified (Feria, 2013) [ Figure 4 about here]
However, there is a substantial change when only the data for employed females are considered; patterns characterized by daily mobility that affects smaller volumes and, especially, shorter distances compared to those for males, result in metropolitan territory that is much more fragmented, with the 46 metropolitan areas defined for the total population split into a total of 113 LLMs (Table 2) . In this case, the median for the employed population is 12,164 (and the mean of this variable is 38,193). What stands out is the fact that the difference between the number of LLMs identified for males and females is widely disproportionate in the different metropolitan areas (the most striking case is Madrid, where the ratio is 8:1 and, at the other extreme, the examples of Valencia and Gran Canaria, where the number of LLMs identified does not vary by gender on this level). These differences cannot be explained by the size and hierarchy of the metropolitan areas. However, they may be justified by the difference in their sectoral activity structure and their corresponding occupational distributions by gender.
When the self-containment requirement is set at the levels used in official delimitations, such as the British TTWAs (66.7%), the number of markets that can be identified for the total population practically doubles, rising to 130. A very different perspective is gained with this threshold compared to the previous threshold, as a careful analysis of the results shows the existence of consolidated separate LLMs in some of the metropolitan areas delimited and gives clear signs of internal decentralized articulation processes. This affects especially -and consistently-the two Spanish metropolitan regions (Feria, 2013) , although there is no unequivocal direct relationship between the size of the metropolitan area and the degree of internal decentralization; so, although it is the second largest metropolitan area in the Spanish urban hierarchy behind Madrid, Barcelona not only presents a greater number of LLMs (eight in all), but these LLMs are also much larger and more robust, providing the area with an evident polycentric articulation 2 . In the case of Madrid, the area is configured as one large LLM centered on the capital with an extremely high level of self-containment (97.8%), and five more with a self-containment of around 70%: two mid-size (Aranjuez to the south and Guadalajara to the east), and three more with much smaller populations made up of a maximum of five municipalities.
[ When the distribution is analyzed by gender, a great disparity in the appearance of LLMs can once again be observed: around 100 for males and almost double that for females, for whom the number of LLMs is practically five times that of metropolitan areas (Table 2) .
However, despite the substantial increase in the number of LLMs identified, broadly speaking the structure remains the same when the female population is considered separately ( Figure 6 and Table 3 ) and the median for the resident employed population changes to 2,380 (mean 20,749). To give an example, the Barcelona metropolitan area continues to be characterized by a high number of greatly balanced markets (11 for females compared to the 8 for the total population and 4 for males), while in the Madrid metropolitan area there is a large market centered on the capital and a higher number of LLMs (13) that are much smaller in size (many now composed of one or two municipalities), especially in the southeastern part of the area.
[ Figure 6 about here]
[ Table 3 about here] Finally, if the requirement level considered for the self-containment of the LLMs identified is reduced even further, to 50%, the metropolitan areas' internal articulation is atomized when the results are mapped: on this analytical scale Madrid, Saragossa and, to a lesser extent Valencia, are the metropolitan areas where a large LMM centered on the capital can still be seen to exist that draws together a large number of municipalities with very high functional dependency compared to other municipalities (as reflected in the low levels of self-containment recorded in Figure 2 ). Contrary to this pattern, a great deal of atomization can be observed in the other large metropolitan areas (Table 3 ) and in virtually all the remaining metropolitan areas, which is coherent with the levels of self-containment set out in Figure 2 . This means that many of the municipalities integrated in the metropolitan areas reach the level of self-containment required to constitute unitary LLMs when they are individually considered and the threshold is set at values as low as 50% (it should be remembered that this is, in fact, the only relevant requirement in this exercise, as no restriction has been included as to the minimum size of the LLMs generated). Once more this is a pattern that holds when the gender of the employed resident is considered: the considerable increase in the number of LLMs identified when the analysis is limited to females (a total of 483 for the 46 Spanish metropolitan areas) is rendered as the widespread atomization of the metropolitan LLM structure that, nonetheless, continues to be more balanced in the case of Barcelona than Madrid, as a large market can be clearly observed around Madrid. It should once more be stated that the differences in the number of LLMs identified for males and females are not in the same proportions in the different metropolitan areas. There are approximately twice as many female LLMs as male LLMs in Madrid, Barcelona and Oviedo-Gijon-Aviles, whereas the two are practically identical in Seville, Gran Canaria, Zaragoza, Cadiz-Jerez and, to a lesser extent, Valencia, Bilbao and Malaga.
Conclusions
The purpose of this paper is to analyze metropolitan areas as complex systems within which local labor markets are essential components that define their structure and internal organization. With this aim, the internal and external consistency of the metropolitan areas has been analyzed as LLMs in terms of the variable most commonly used in the literature:
commuting. On the one hand these have been tested to verify whether they are self-contained entities and, on the other hand, their internal structure has been delineated in terms of highly self-contained LLMs.
To summarize, the analyses allow the conclusion to be drawn that the Spanish metropolitan areas are, at least according to the delineation proposed by Feria (2008) , selfcontained labor markets compared to external areas (as when taken as a unit they all exceed very demanding thresholds regarding the percentage of "metropolitan" jobs taken by workers who reside within the metropolitan boundaries, and the percentage of "metropolitan" residents working within those boundaries); i.e., they achieve reasonable scores in what Goodman calls external perfection.
Secondly, very detailed commuting-based analyses have been conducted in order to explore the internal spatial structure of Spanish metropolitan areas in terms of LLMs and from the theoretical perspective that they are not closed and one-dimensional, but complex, with different levels and scales of organization. To carry out this task, three different selfcontainment levels have been used systematically for the LLMs and applied to the working population, both as a whole and by gender.
The results show that at a high level of requirement (75%) The limitations of the analysis relate to the data as well as to the regionalization methods and parameters used. Firstly, with respect to the timeframe, the most recent available when the study was done; it should be recognized that there may have been substantial changes in commuting patterns. Nonetheless, it should also be stated that the time reference is identical for the definition of the metropolitan areas and their LLMs, meaning that the relationships observed between the two sets of functional areas are genuine and correspond to the time when the data were collected. Updating with the 2011 Census data when they become available will enable these analyses to be repeated and the way that these relationships have evolved over time to be studied. Secondly, and as in any other research dealing with territorial issues, the analysis is subject to the so-called modifiable areal unit problem (MAUP), since the results are influenced by the scale and spatial configuration chosen (the specific set of boundaries for a given scale). The first of these problems is, in this case, mainly related to the level of self-containment required of the LLMs identified within the limits of the different metropolitan areas -the lower the level, the higher the number of submarkets and the more detailed the level of spatial aggregation. The second refers to the specific procedures used in the regionalization issue (the specific method for identifying metropolitan areas and LLMs) once a precise scale is adopted, since different methods could result in different ways of grouping the territorial building blocks for a given level of aggregation. With regards to the first issue, it must be acknowledged that using three alternative scales, as is done here, mitigates the problem, although obviously it does not eliminate it, since other specific scales could have been chosen. With regard to the so-called zoning problem, in both cases (metropolitan areas and LLMs) the international standard methods used in this study are those used by public administrations with a longer tradition (United States metropolitan areas and British Travel to Work Areas), and they are, without doubt, a benchmark for good practice in their field. The substantial differences according to population group considered should also be highlighted; in this study the only differentiation has been by gender, but this could be extended to other variables, such as age, sector of activity or level of education, to name but a few, and this would enrich the analyses and would be especially useful when formulating public policies. To conclude with the limitations of the study, more detailed analyses are required to dig deeper into the reasons that explain the differences between metropolitan areas, especially when the differences are found in areas on the same tier of the hierarchy that have similar base settlement structural systems. These include, for example, the broad disparity between metropolitan areas with respect to the number of female LLMs. References to unique geographical, historical, functional specialization etc. factors may help to explain certain specific points, but must be completed with more systematic studies, opening the focus up to other areas of study and including new variables and parameters that would enable any common patterns and the reasons for differences in metropolitan processes to be understood at one and the same time.
Appendix -Delineation Procedures
Metropolitan Areas (MA)
Inputs:
 matrix of commuting flows, T, where T ij is the number of workers that commute from municipality i to municipality j,  vector of cores, C, where C i =1 if municipality i is a potential core and C i =0 otherwise,  vector of total inhabitants per municipality, P,  vector of municipalities that are provincial capitals, H, where H i =1 if it is a provincial capital and H i =0 otherwise.
Note: Initially, all the municipalities with P i >100,000 and provincial capitals with P i >50,000
are considered as potential cores.
Algorithm:
Step 1: Aggregate municipalities to the cores: allocate (simultaneously) each non-core municipality i to the potential core municipality c if T ic >100 and T ic /R i >0.2 or if T ic >1,000 and T ic /R i >0.15.
Step 2: Aggregate municipalities to the areas previously generated: allocate (simultaneously) each remaining noncore municipality i to the potential area A if T iA >100 and T iA /R i >0.2 or if T iA >1,000 and T iA /R i >0.15, where T iA =∑ jϵA T ij .
Step 3: Discard small areas: each potential MA from the previous step whose core has fewer than 100,000 inhabitants and whose hinterland has fewer than 50,000 inhabitants is discarded.
Step 4: Reworking of the potential core list: remove the municipalities comprising discarded small areas from the initial list of potential cores, and consider as new potential cores each nonprovincial capital with more than 50,000 inhabitants that was not allocated to any area in the previous steps.
Then repeat steps 1 to 3 and end.
The Travel to Work Areas (TTWAs) algorithm
Inputs:
 matrix of commuting flows, T, where Tij is the number of workers commuting from municipality i to municipality j,  vector of total employed residents per municipality, R,  vector of total jobs per municipality, J,  parameters for the validity criteria: minimum self-containment, SC obj , and minimum size in employed residents, R obj (in the original version a tradeoff relationship is established so that larger TTWAs are allowed to register lower SC levels; in this article R obj =1, which implies that no minimum size condition is applicable).
Note: In this article, for each metropolitan area the matrix of commuting flows is restricted to the municipalities inside said metropolitan area, but vectors R and J are related to the real values of each municipality within the commuting matrix for the whole of Spain.
Algorithm:
Step 1: Consider each municipality as a potential TTWA, A, and calculate the degree of validity ("X-function") Step 2: Take the TTWA with the lowest degree of validity. If it is a valid TTWA then end. NOTE: the minimum (supply self-containment, demand self-containment) is defined as the minimum value of all values obtained when calculating these two indicators: supply self-containment (the percentage of employed people resident in the metropolitan area that work within its boundaries) and demand self-containment (the percentage of jobs that exist in the metropolitan area that are taken by workers who reside in the municipalities that comprise the metropolitan area). Source: prepared by authors using commuting data taken from the Census of Population and 2001. 
